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Background: Laparoscopically assisted aortic aneurysm resection requiring a minilaparotomy can be performed as a
routine procedure. It was the purpose of our study to evaluate whether a total laparoscopic operation can be offered to
aneurysm patients as a minimally invasive alternative. We also wanted to test whether a master-slave robot could facilitate
the total laparoscopic procedure.
Methods: A prospective, consecutive number of 50 patients was evaluated. A transperitoneal left retrocolic access was used
to expose the aorta. If possible, a tube graft repair was performed. The aortic anastomosis was sutured totally
laparoscopically, with the surgeon standing on the right side of the operating table. In 10 consecutive patients, the
anastomosis was sutured with the help of the Zeus robot.
Results: After excluding 3 cases that required suprarenal cross-clamping, 47 patients were operated using a total
laparoscopic approach. A totally laparoscopic operation could be performed successfully in 39 patients with aneurysms.
In 8 patients (17%), conversion to a laparoscopic hand-assisted operation with a 7-cm minilaparotomy was required. The
robot was used to perform the aortic anastomosis in 10 patients. In 8 patients, a tube graft repair could successfully be
performed totally laparoscopically. In the remaining patients, a bifurcated graft was implanted laparoscopically. The
mean operating time was 227 minutes in the laparoscopy group and was 242 minutes in those patients in whom the
anastomosis was sutured with the help of the Zeus Robot. Mean cross-clamping time,  SD, was 81.4  31 minutes.
None of the patients died perioperatively. Major complications occurred in three patients (6.3%). The overall morbidity
was 14.8%, including one patient who required temporary hemodialysis postoperatively. The time to suture the aortic
anastomosis was significantly shorter in the robotic-assistance group (40.8  4 minutes), yet total operating time was
longer in this group because of the technical complexity of the robotic device. Patients with a total laparoscopic procedure
asked for significantly fewer analgesics and could regain full mobility earlier compared with those patients for whom a
minilaparotomy after conversion to the laparoscopic hand-assist procedure was required.
Conclusions: Total laparoscopic aneurysm resection can be offered to the majority of patients in our institution. The robot
still requires further refinements to reduce operating times and the aortic cross-clamping period. We now have the
technique and the instrumentation to offer laparoscopic aneurysm surgery as a minimally invasive alternative for patients
whose conditions are unsuitable for endovascular aneurysm repair. (J Vasc Surg 2004;39:771-6.)
Total laparoscopic aortic surgery can routinely be per-
formed in patients with occlusive disease.1 Since the first
total laparoscopic aortic operation, the technique has been
further refined and finally can be used in patients with aortic
aneurysms.2,3 Laparoscopy can be offered to patients who
are suited for conventional surgery as a minimally invasive
alternative to endovascular aneurysm exclusion. A new
surgical technique can only be successful when all essential
steps are simple and reproducible in a large number of
patients. It was the purpose of our study to evaluate
whether total laparoscopic aneurysm resection can rou-
tinely be offered as a minimally invasive alternative for
patients with infrarenal abdominal aortic aneurysms
(AAAs). Another objective of the study was to evaluate a
master-slave robot and whether this device could help to
perform a laparoscopic aortic anastomosis.
MATERIAL AND METHODS
Fifty consecutive patients were prospectively evaluated
for laparoscopic AAA repair. Excluded were patients with
previous aortoiliac surgery, hostile abdomen, inflammatory
aneurysms, and any aortic aneurysm requiring suprarenal
cross-clamping.
A technically successful operation was defined as a
procedure that could be completed totally laparoscopically
without the need for conversion to any kind of minilapa-
rotomy or full-length incision. Informed consent was ob-
tained in each case, and the investigational nature of the
procedure was explained in detail to the patient. Reasons
for conversion to a minilaparotomy were outlined before
the study was initiated. They included an aortic cross-
clamping time of more than 2 hours and a total operating
time exceeding 4 hours. In these cases, we converted to a
laparoscopic hand-assist procedure (HALS), performing
the anastomosis under pneumoperitoneum with the non-
dominant hand inserted into the abdomen. All patients
were analyzed on an intention-to-treat basis.
From Department of Vascular Surgery and Endovascular Therapy, Augusta
Hospital Du¨esseldorf.
Competition of interest: none.
Reprint requests: Ralf Kolvenbach, MD, PhD, Department of Vascular
Surgery and Endovascular Therapy, Augusta Hospital Du¨sseldorf,
Amalien Str. 9, 40472 Du¨sseldorf, Germany (e-mail: kolvenbach@kmr-
klinken.de).
0741-5214/$30.00
Copyright © 2004 by The Society for Vascular Surgery.
doi:10.1016/j.jvs.2003.10.050
771
Operative technique. The patient was placed on the
operating table, which was flexed in the middle, on a
suction vacuum bag. When the table was tilted to the right,
the patient could be positioned almost 70° on the right
side.
The left hemicolon and the splenic flexure were mobi-
lized medially (Fig 1, parts 1 to 3). Laparoscopic dissection
and suturing was performed with the surgeon standing on
the right side of the patient (Fig 2). The apron technique
originally described by Dion et al3 and Dion and Gracia4
was used to separate the abdominal contents from the
retroperitoneal space. The stay sutures were not passed
through a peritoneal flap but rather through the mesentery
of the left hemicolon, which improved traction (Fig 3, A
and B). Laparoscopic retractors could be avoided because
of these traction sutures and the right lateral decubital
position of the patient. A similar stay suture was used to
prevent the left kidney from taking a medial rotation.
Laparoscopic exposure of the aorta was initiated at the level
of the neck of the aneurysm.3 Only limited exposure of the
aortic bifurcation was performed to reduce the incidence of
nerve damage. Lumbar arteries were controlled extralumi-
nally from the left side (Fig 1, parts 5 to 7). Lumbar arteries
that were still bleeding after incision of the sac of the
aneurysm were stitched with laparoscopic sutures that were
blocked with a pledget at the end and secured with a
titanium clip. In patients with bifurcated grafts, the com-
mon iliac arteries were stapled with a TA Stapler (US
Surgical, Norwalk, CT). When the iliac arteries were too
calcified to permit stapling, the ostium of the common iliac
artery was oversewn with a running 3-0 Prolene suture.
In obese patients, access to the right groin could best
be obtained by opening the valve of the suction vacuum
bag, which permitted the patient to fall back in a supine
position.
The anastomosis was performed with two continuous
3-0 Prolene sutures, which were tied intracorporally, as
recently described by Coggia et al.5 A deployable aortic
clamp was used to occlude the iliac arteries (Fig 3, C and
D). With this novel device, only the port for the proximal
aortic clamp was permanently obstructed with an instru-
ment (Fig 1, part 4). A 5-mm suction–irrigation device was
connected with a cell-saving machine, and a large-bore
10-mm suction device (Storz, Tuttlingen, Germany) was
used to evacuate the thrombus material.
During the study period, in a second consecutive group
of patients, the aortic anastomosis was performed with the
help of a master-slave robot (Zeus, Computermotion, Go-
leta, CA), as recently described by Wisselink et al.6 A system
engineer was present in the operating room during all
Fig 1. Placement of laparoscopic trocars. 1 and 2, Dissecting
instruments and needle holders; 3 and 7, instruments for the first
assistant; 4, aortic clamp; 5, laparoscopic 30° camera; 6, second
camera port.
Fig 2. Positions of the surgeons. 1, First surgeon; 2, first assistant;
3, second assistant, holding the camera.
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robotic procedures, helping with the setup (Fig 4, A and
B).
When a tube graft repair could not be accomplished,
the anastomosis was performed with the external iliac artery
or the iliac bifurcation through a small extraperitoneal
incision that was proximal to the inguinal ligament.7
Statistical analysis. The SPSS statistical package was
used. Mean and SD values are given. For nonparametric
values, the Wilcoxon rank test was used, a P value of .05
was considered significant.
RESULTS
After excluding three cases that required suprarenal
cross-clamping, 47 patients were operated using a total
laparoscopic approach. In 10 patients, the laparoscopic
anastomosis was performed with the help of the robot.
Conversion to HALS was necessary in 8 patients (Table I).
A totally laparoscopic approach could successfully be
performed in 39 patients with AAAs. In 8 of these, the
robot was used to perform the aortic anastomosis. The
mean age of all laparoscopic patients was 68.0  9.3 years.
The oldest patient was 81 years old. The mean diameter of
all aneurysms was 5.1  1.0 cm. In seven patients, indica-
tion for surgery was a combination of occlusive disease and
an infrarenal aneurysm. All patients were permitted to drink
fluids on the evening of the day of the operation. Solid food
was routinely given on the first postoperative day. A tube
graft repair was performed in 15 patients. I´n 8 patients, this
could be accomplished totally laparoscopically, including
two robotic cases. The robot was used to perform the
proximal and the distal aorto-prosthetic anastomosis. In 7
cases, tube graft repair was performed after conversion to
HALS. Intraoperatively, we had to stitch up a mean ( SD)
of 1.6  0.8 lumbar arteries that were still backbleeding
after previous extraluminal clipping.
The time required to suture the aortic anastomosis was
significantly shorter in the robotic group, yet total operat-
ing time and aortic cross-clamping time were longer be-
cause of the complex setup procedure and several mechan-
ical problems with the robot (P .03). In these two cases,
Fig 3. A, Suspension sutures putting the sigmoid mesentery on attention. Broken white arrow, plane of retroperitoneal
dissection with aneurysm underneath. B, Suture that helps to prevent the left kidney from obstructing the view of the
aorta (black arrow). The arrow points to the left urether. C, Deployable aortic clamp. D, Distal anastomosis sutured
laparoscopically in a patient with tube graft repair. A, clamp; B, needle holder; C, suction device; arrow, distal
anastomosis.
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the surgeon had to complete the anastomosis laparoscopi-
cally (Table I).
Patients with a mini incision of 7 cm after HALS
required intravenous pain medication for a longer period of
time compared with those whose operations were per-
formed totally laparoscopically, with or without the ro-
bot.8-10 This probably explains why full mobility was
achieved earlier in the latter group (Table II).
After a mean follow-up period of 8.4 5 months, there
were two small incisional hernias after 14 months and after
10 months, respectively, in the HALS group in contrast to
the case of the total laparoscopy group.
There were three major complications. One patient
developed a small bowel obstruction and required relapa-
rotomy. In one patient in the robotic group who already
had impaired renal function preoperatively, hemodialysis
had to be performed for a period of 2 weeks. In patient 7,
after laparoscopic tube graft repair, thrombectomy of the
femoral artery was necessary. Minor complications included
a flank hematoma in three patients and pneumonia in one
case.
DISCUSSION
The majority of our patients could be operated using a
total laparoscopic approach. Yet we still had to accept a
conversion rate to HALS in 17% because of technical
difficulties. The time required to suture an anastomosis
with the robot compared with a laparoscopic anastomosis
was significantly shorter but was associated with a longer
operating time. This can be explained by the time required
for setup of the robot and the time taken by several tech-
nical problems with the robotic arms. These included fail-
ure of the voice control mechanism, broken instruments,
and mechanical failure of the arms, which stopped moving
when we tried to suture the anastomosis. Yet even with
stapling devices, there will probably be a place for an
improved robotic device for instances in which neck mor-
Fig 4. A, Robotic arm mounted at the operating table. A and B, instrument arms; C, camera arm. B, Console for the
surgeon, who is sitting in a special chair with hand controls to steer the robotic arms.
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phology does not permit stapling, but the robot should not
necessarily add to the complexity of the procedure.11
Calcification of the iliac arteries was the main reason for
technical problems and prolonged cross-clamping time.
Combining endovascular techniques with laparoscopic
procedures can be an effective way to overcome these
obstacles.12-14 In one patient, transfemoral balloon occlu-
sion of the common iliac artery and C-arm fluoroscopy
were used when iliac artery clamping failed.
According to our experience, total laparoscopic tube
graft repair is significantly more challenging compared with
the videoendoscopic implantation of a bifurcated graft.15
We had a large number of patients with calcification of the
iliac arteries and aortic bifurcation. The decision about
which kind of graft could be used was made intraopera-
tively, with respect to the time already spent for the proce-
dure. Because of our self-set time limits and to avoid
prolonged cross-clamping times, a bifurcated graft was
implanted more often than a tube graft. A larger series of
patients must show whether laparoscopic tube graft repair
should ideally be performed in a routine setting unless
laparoscopic aortic staplers are available.
Hand-assisted laparoscopy was only used as a bail-out
procedure to avoid conversion to open surgery. The main
significant difference between total laparoscopy and HALS
with a 7-cm mini incision was the postoperative period after
which full mobilization could be achieved and the postop-
erative time during which the patient needed intravenous
pain medication. The real benefits of total laparoscopy and
mini-incision aortic surgery still have to be evaluated in a
controlled study. This is especially important with regard to
the long-term sequelae of the surgical procedure, like ad-
hesions and ventral hernias.15-18
When a total laparoscopic program is started, time
limits should be set to avoid problems with ischemia or
blood loss. Perseverance beyond a certain point can cause
harm to the patient, considering that the surgeon can be
unaware of the time already spent. Strict adherence to
certain self-established rules is in the interest of the patient
and does not mean failure. This is another reason for the
relatively high conversion rate of 17% in this series.
Laparoscopy-assisted aortic procedures can be per-
formed in the majority of patients with AAAs, with excel-
lent long-term results.19
Total laparoscopic aortic surgery is a second, less inva-
sive alternative that can be offered to aneurysm patients. It
is still more invasive than endovascular AAA repair because
of the aortic cross-clamping period. Especially elderly pa-
tients and those with numerous comorbidities will benefit
from the endovascular procedure.
We now have the operative technique and the instru-
mentation to progress in our institution to total laparo-
scopic aneurysm resection as a routine procedure. Our
experience shows that this can be accomplished with oper-
ating times and aortic cross-clamping times in an acceptable
range, though still longer than those required for open
surgery.
Although the totally laparoscopic technique has
evolved remarkably over the past few years, some slight
refinements are still needed to render it easily reproducible
for the majority of vascular surgeons. The next step will be
a randomized trial comparing laparoscopic techniques with
conventional aortic surgery.
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Operative time (min) 227.8  34.0 242.5  40.5
Laparoscopy time (min) 178.4  84.2 208.6  40.0*
Aortic cross-clamp time (min) 81.4  31.0 95.9  21.6
Aortic anastomosis time (min) 52.7  9.0 40.8  4.1*
Conversion (n) 6 2
All data are mean  SD. Patients with conversion to HALS are included on
an intention to treat basis.
*P  .05.











Post stay (d) 6.3  2.1 7.3  2.4 7.5  6.0
ICU (d) 1.1  0.5 2.1  1.0 1.3  0.7
Ventilation (d) 0.8  2.2 0.6  0.8 1.6  1.7
Bowel (d) 1.2  0.5 1.3  0.6 1.5  0.7
Morphin (d) 1.3  0.5 1.8  1.0 3.1  0.8*
Mobility (d) 2.6  2.7 2.0  1.0 4.7  1.2*
All data are mean  SD.
Post stay, Postoperative stay in acute care hospital; ICU, stay in intensive care
unit; ventilation, postoperative dependency on ventilator; bowel, period of
time until bowel function was resumed; morphin, days when intravenous
injection of morphin derivatives was required; mobility, postoperative period
of time until patient could fully resume walking without any aid.
*P  .05 between total laparoscopic surgery and the robotic group versus
hand-assisted laparoscopy with minilaparotomy.
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